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(54) Olfactory sensor identification system and method 



(57) An artificial olfactory system (10) and associat- 
ed method for rapidly identifying an object (13) by its 
aroma. The artificial olfactory system includes a testing 
chamber (14) in which is disposed an array of gas sen- 
sors (16). The object to be identified is placed in close 
proximity to the testing chamber. The air pressure within 
the testing chamber is then lowered below ambient, 
thereby causing ambient air to flow past the object being 



identified and into the testing chamber. As air flows past 
the object being identified, the aroma of the object be- 
comes mixed with the air and is carried into the testing 
chamber. Once within the testing chamber, the aroma/ 
air mixture is exposed to the array of gas sensors. The 
gas sensors detect the levels of various gases compris- 
ing the aroma/air mixture and produce a sensor pattern 
capable of being identified using pattern recognition 
techniques. 
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Description 

The present invention relates to artificial olfactory 
systems that use gas sensor arrays to identify an object 
by the odour emitted by that object. More specifically, 
the present invention relates to artificial olfactory sys- 
tems and methods that receive air from around an object 
to be identified and direct the air to a gas sensor array, 
thereby enabling the system to identify a variety of dif- 
ferent objects. 

Artificial olfactory systems, sometimes referred to 
as electronic noses, utilize an array of gas sensors to 
detect the concentration of various gases being emitted 
by an object or composition. The aroma or scent of an 
item is typically unique to that item and serves as an 
olfactory tinge rprim that can be used to identify that 
item. The aroma of an item is comprised'of various gas- 
es mixed together in a unique combination. By exposing 
the aroma of an item to a gas sensor array, the concen- 
trations of the various gases comprising the aroma can 
be quantified. By matching the detected gas concentra- 
tions to known standard models, the item can be iden- 
tified. 

In the prior art, artificial olfactory systems are com- 
mercially available. The throe largest manufacturers of 
such systems are Neotronics of Hertfordshire, Great 
Britain, ALPHA M.O.S., Inc. of DeMotte, Indiana and 
Aromascan Inc. of Hollis, New Hampshire. Commercial 
artificial olfactory systems are widely used by industry 
to provide quantifiable quality control parameters to ar- 
omatic products. For example, artificial olfactory sys- 
tems are used by industry to identify if one batch of per- 
fume smells the same as previous lots or if cheese has 
aged to the proper degree. With items such as perfume, 
wine and cheese that have strong aromas, the human 
nose is typically not sensitive enough to detect minor 
anomalies in the aromas from day to day. However, by 
using artificial olfactory systems, the aroma of these 
items can be quantified and scientifically analyzed. As 
such ; minor anomalies can be detected and a higher de- 
gree of quality control can be maintained. Two examples 
of artificial olfactory systems being used to quantify the 
aroma of consumer products can be found in the follow- 
ing articles: SENSOR ARRAY RECOGNITION OF VA- 
RIETIES OF A SAME WINE by DiNatale et al„ 8th In- 
ternational Conference on Solid-State Sensors and Ac- 
tuators, and Eurosensors IX, Stockholm, Sweden June 
(1995); and SCREENING OF IRRADIATED TOMA- 
TOES BY MEANS OF AN ELECTRONIC NOSE , by 
Winquist et al., 8th International Conference on Solid- 
State Sensors and Actuators, and Eurosensors IX, 
Stockholm, Sweden June (1995). 

Commercial artificial olfactory systems currently 
available typically contain sample vessels into wh ich the 
object to be tested is placed. The sensor array is then 
placed over the sample vessel. To begin a test, an ap- 
erture between the sample and the sensor array is 
opened. No movement of the air within the sample ves- 



sel is provided. Rather, such prior art artificial olfactory 
systems depend upon natural diffusion, wherein the aro- 
ma of the sample eventually fills the vessel and is de- 
tected by the sensor array. Such prior art artificial olfac- 
5 tory systems typically require a test period in the order 
of a few minutes. A testing time of a few minutes works 
well for companies that use artificial olfactory systems 
for quality control. When testing a batch of perfume, 
wine or cheese, time is not of the essence and a test 
io that takes several minutes to complete is more than ad- 
equate. Furthermore, in testing items that have strong 
aromas, such as perfume, wine and cheese, there is lit- 
tle concern that within the test period of a few minutes, 
the aroma will diffuse through the testing chamber and 
'5 adequate exposure will be provided to the sensor array. 
There exist many applications where the identifica- 
tion of items by an artificial olfactory system would be 
beneficial, however such applications may require iden- 
tification on a scale of a few seconds rather than on a 
20 scale of a few minutes, thereby eliminating the use of 
traditional slow artificial olfactory systems. For example, 
in a grocery store, a customer may come to the cashier's 
counter with apples. The apples are not individually la- 
belled, so it is difficult for the cashier to determine what 
25 type of apple is being bought. Since different types of 
apples have different prices , the cashier must determine 
the type of apple before the customer can pay for the 
apples. If an artificial olfactory system were available, 
the apples could be identified by their smell. However, 
30 such an artificial olfactory system would have to work 
rapidly and provide an identification in a matter of sec- 
onds rather than the current prior art testing rate which 
may take several minutes. 

Another application for an artificial olfactory system 
35 with a rapid response time would be at airport baggage 
inspection stations. At such inspection stations, pieces 
of luggage could be inspected by their aroma, thereby 
providing a means of detecting illegal drugs, explosives 
or other contraband. In such an application, the olfactory 
40 inspection would have to be complete in a matter of sec- 
onds for each piece of luggage. 

It is an object of the present invention to provide an 
artificial olfactory system and method that can identify 
a wide variety of items in rapid succession, wherein the 
45 time required to identify any one item would only take a 
few seconds. 

According to one aspect of the present invention 
there is provided an object identification device charac- 
terized by a chamber that is positionable proximate an 
so object to be identified, wherein the object has an aroma 
with a given composition; an array of sensors disposed 
within said chamber, wherein said array of sensors pro- 
duces a humidity dependent sensor pattern for the aro- 
ma exposed to said array of sensors within said cham- 
ss ber that identifies at least some of the given composition 
of the aroma; negative pressure means, coupled to said 
chamber, for lowering pressure within said chamber and 
causing air to be drawn into said chamber past the ob- 
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ject to be identified, wherein the air drawn into said 
chamber carries the aroma of the object to be identified 
and exposes the aroma to said array of sensors for anal- 
ysis; a humidity sensor, disposed within said chamber, 
for measuring the humidity in said chamber while said 
humidity dependent sensor pattern is being produced; 
and a pattern recognition system, coupled to said hu- 
midity sensor, for identifying said humidity dependent 
sensor pattern produced by said array of sensors in said 
chamber at a measured humidity level, thereby accu- 
rately identifying the aroma. 

According to another aspect of the preesent inven- 
tion there is provided a method of identifying an object 
by its aroma, characterized by the steps of positioning 
the object to be identified proximate a chamber contain- 
ing a sensor array; lowering air pressure within said 
chamber during a test period so that the aroma of the 
object to be identified is drawn into said chamber; pro- 
ducing a sensor pattern for the aroma using said sensor 
array, wherein said sensor pattern is humidity depend- 
ent; measuring humidity in said chamber during said test 
period; and matching said sensor pattern to a known 
sensor pattern at the measured humidity, thereby iden- 
tifying the object. 

One embodiment of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawing, in which: 

FIG. 1 is a schematic block diagram illustrating 
both the components of an artificial olfactory device and 
its method of operation. 

Although the present invention artificial olfactory 
system and method can be used in a wide variety of ap- 
plications, such as detecting drugs or explosives in lug- 
gage or packages, the present invention system and 
method are particularly well suited for use in identifying 
produce at a cashier's counter. Accordingly, the present 
invention artificial olfactory system and method will be 
described in an application involving a cashier's counter 
as the exemplary embodiment. 

Referring to Fig. 1 , a preferred embodiment of the 
present invention artificial olfactory system 10 is shown 
containing a produce scan surface 12. The produce 
scan surface 1 2 is preferably positioned at the cashier's 
station and may be either an independent unit or may 
be built into the cashier's counter, as are traditional bar 
code scanners. The produce scan surface 1 2 covers a 
sensor interaction chamber 14, in which is disposed at 
least one sensor array 16. The produce scan surface 12 
is perforated, thereby enabling the aroma of a piece of 
produce 13 placed on the produce scan surface 12 to 
be drawn into the sensor interaction chamber 14, as will 
later be explained. A negative pressure source 18 is 
connected to the sensor interaction chamber 1 4, where- 
in the negative pressure source 1 8 is selectively isolated 
from the air within the sensor interaction chamber 14 by 
a control valve 20. As would be understood, "negative 
pressure", as utilized herein, generally represents a 
pressure below that of ambient pressure. 



When the control valve 20 is open, the negative 
pressure source 18 draws the air out of the sensor in- 
teraction chamber 14. thereby producing a negative 
pressure within the sensor interactbn chamber 14. The 

s negative pressure within the sensor interaction chamber 
1 4 causes air to flow into the sensor interaction chamber 
14, past the produce 13 and through the apertures 22 
in the produce scan surface 12. As a result, the aroma 
of the produce 13 on the produce scan surface 12 is 

10 actively drawn into the sensor interaction chamber 1 4, 
wherein the drawn air is received by the sensor array 
16. By using the negative pressure source 18 to draw 
the aroma of the produce 1 3 into the sensor interaction 
chamber 1 4, the artificial olfactory system 1 0 in essence 

'5 sniffs the produce 13 to optimize the sampling of the aro- 
ma by the sensor array 16 in a highly time efficient man- 
ner. By drawing the aroma of the produce 1 3 into the 
sensor interaction chamber 1 4 in about one second, the 
sensor array 1 6 experiences a concentration of aroma 

20 that would lake minutes to obtain by a prior art artificial 
olfactory system where no air flow is provided. 

The sensor interaction chamber 14 can be posi- 
tioned at any point above, below or to the side of the 
produce 13 being tested, provided the air drawn into the 

25 sensor interaction chamber 14 is drawn past the pro- 
duce 1 3. In the shown embodiment, the sensor array 16 
is positioned below the produce 1 3. In such an orienta- 
tion, it is highly desirable to protect the sensor array 16 
from debris, condensate, juices or other contaminants 

30 that may fall from the produce 1 3. As a result, a contam- 
inant shield 25 is provided within the sensor interaction 
chamber 14 that protects the sensor array 16 from any 
contaminants that may fall through the apertures 22 in 
the produce scan surface 12. The contaminant shield 

35 25 is disposed between the sensor array 16 and the pro- 
duce scan surface 12, preventing falling debris from 
contacting the sensor array 16. The containment shield 
25 also acts as an air flow baffle, helping to mix the in- 
coming air and direct the incoming.air toward the sensor 

40 array 16. The contaminant shield 25 should be easily 
removable or accessible to enable a person to periodi- 
cally clean the contaminant shield 25 and keep the con- 
taminant shield 25 odour free. 

To prevent the contamination of the sensor array 16 

45 from airborne contaminants, an aperture block mecha- 
nism 24 can also be optionally provided. The aperture 
block mechanism 24 can be any mechanism capable of 
selectively obstructing the apertures 22 in the produce 
scan surface 12. thereby isolating the sensor array 16 

so within the sensor interaction chamber 14. In the shown 
embodiment, the aperture block mechanism 24 includes 
a motor control 26, wherein the operation of the motor 
control 26 causes the aperture block mechanism 24 to 
selectively open and close. When the aperture block 

ss mechanism 24 is open, air from around the produce 1 3 
is capable of being drawn into the sensor interaction 
chamber 14. Conversely, when the aperture block 
mechanism 24 is closed, the contents of the sensor in- 
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teraction chamber 14 are isolated from the surrounding 
ambient environment. 

The operation of the artificial olfactory system 10 is 
controlled by a central controller 30 which may be a ded- 
icated unit or a programmable unit such as a personal 
computer. During operation, the cashier places a piece 
of produce 1 3 onto the produce scan surface 1 2. Using 
operator controls 32 available to the cashier, the cashier 
then initiates one cycle of operation for the artificial ol- 
factory system 10. A scan control initiator 34 within the 



central controller 30 operates the aperture block motor 
control 26 and opens the aperture block mechanism 24 
so that the apertures 22 below the produce 13 commu- 
nicate with the sensor interaction chamber 1 4. The scan 
control initiator 34 also opens the control valve 20 for a 
brief active testing"period of between 0.5 seconds and 
5 seconds, with the preferred duration being between 
one and two seconds. During the testing period when 
the control valve 20 is open, air is drawn into the sensor 
interaction chamber 14 for analysis. At the end of the 
brief testing period, the control valve 20 is closed and 
the aperture block motor control 26 is directed to close 
the aperture block mechanism 24 and again obstruct the 
apertures 22 in the produce scan surface 12. 

During the brief testing period when air is drawn 
past the produce 13 and into the sensor interaction 
chamber 14, the sensor array 16 is exposed to a fairly 
large volume of air containing the aroma of the produce 
13 placed upon the produce scan surface 12. The sen- 
sor array 1 6 contains a plurality of gas sensors, wherein 
each of the gas sensors is designed to detect a specific 
type of gas or combination of gases. In the shown em- 
bodiment of a produce identifier, the gas sensors in the 
sensor array 16 are selected to detect the gases com- 
monly found in the aromas of produce. Gas sensors ca- 
pable of detecting non-organic gases would therefore 
not need to be used. However, in alternate applications 
such as drug detection or explosives detection, the gas 
sensors within the sensor array would be selected to be 
most sensitive to the materials being sought. 

The prior art is replete with gas sensors that are 
sensitive to different gases. Textbooks are even availa- 
ble on the subject as exemplified by the book SENSORS 
AND SENSORY SYSTEMS FOR AN ELECTRONIC 
NOSE, by Julian Gardner and Philip Bartlett, Kluwer Ac- 
ademic Publishers (1992). As such, the composition of 
the gas sensors for use in the sensor array 16 need not 
be set forth herein. The gas sensors selected for the 
sensor array 16 are selected to detect the range of gas- 
es commonly associated with produce 1 3. The gas sen- 
sors contained within the sensor array 16 therein pro- 
duce an analog signal in response to the aroma filled air 
impinging upon the sensor array 1 6 within the sensor 
interaction chamber 14. The sensor arrays used in prior 
art artificial olfactory systems typically have a slow 
steady state response that works well given the long 
testing periods required by such prior art devices. In the 
shown embodiment of the artificial olfactory system 10, 



' an amplifier stage 36 is provided to amplify the analog 
signals generated by the gas sensors in the sensor array 
16. The amplifier stage 36 serves two purposes. First, 
the amplifier stage 36 strips the analog gas sensor sig- 

5 nals of the steady state response. Second, the amplifier 
stage embodies a high frequency cutoff filter. Conduct- 
ing polymer gas sensors, such as those preferably used 
in the sensor array 16, are unlikely to respond on a time 
scale less than ten milliseconds. As such, an amplifier 

10 stage responsive to high frequencies would introduce 



noise into the analog signal. The use of a high frequency 
cutoff filter embodied within the amplifier stage 36, 
thereby prevents such noise from being experienced by 
the system. 

'5 The amplifier stage 36 enables a fast transient re- 
sponse, produced by the gas sensors, to be isolated. 
The amplified analog signal for each of the gas sensors 
in the sensor array 1 6 is converted to corresponding dig- 
ital signals by an analog-to-digital converter 38. The dig- 

20 ital signals are read by the central controller 30, wherein 
the central controller 30 compiles an overall sensor pat- 
tern for the produce 13 being scanned, as is indicated 
by block 40. The sensor pattern generated for the pro- 
duce 13 represents the olfactory fingerprint for that 

25 piece of produce. As is indicated by block 42 : after a 
sensor pattern is generated, pattern recognition tech- 
niques are applied to the sensor pattern, wherein the 
sensor pattern is compared to sensor patterns stored in 
a memory 44. If a match is found between the sensor 

30 pattern in question and a known sensor pattern from 
memory 44, the produce 1 3 has been positively identi- 
fied. The identity of the produce 1 3 can then be viewed 
by the cashier at a display 46 and/or the produce's iden- 
tity can be read directly into the cashier's register. 

35 Techniques for identifying the sensor pattern pro- 
duced by a gas sensor array by using pattern recogni- 
tion techniques are well known in the art. Examples of 
articles illustrating such pattern recognition techniques 
include GAS IDENTIFICATION USING OXIDE SEMI- 

40 CONDUCTOR GAS SENSOR ARRAY AND NEURAL- 
NETWORK PATTERN RECOGNITION by Hong et al., 
8th International Conference on Solid-State Sensors 
and Actuators, and Eurosensors IX, Stockholm, Swe- 
den (1995); and ANALYSIS OF COMPLEX GAS MIX- 

45 TURES BY PATTERN RECOGNITION WITH POLY- 
MER BASED QUARTZ MICROBALANCE SENSOR 
ARRAYS , by Kraus et al., 8th International Conference 
on Solid-Slale Sensors and Actuators, and Eurosensors 
IX, Stockholm, Sweden (1995). Any such prior art pat- 
so tern recognition technique can be used in conjunction 
with the present invention artificial olfactory system 1 0. 

In Fig. 1 , it can be seen that an optional temperature 
sensor 50 and humidity sensor 52 can be placed within 
the sensor interaction chamber 1 4. Many types of poly- 

55 m er coated quartz microbalance gas sensors, such as 
those preferably used within the sensor array 16, are 
sensitive to both changes in humidity and changes in 
temperature. The temperature and humidity of a grocery 
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store remain fairly constant from hour to hour. However, 
the environmental stability of the ambient air does not 
translate into environmental stability within the sensor 
interaction chamber 14. Some produce is stored at am- 
bient temperature. However, other produce is stored at 
refrigerated temperatures and may be periodically misl- 
ed with water. When a refrigerated piece of produce 1 3 
is placed on the produce scan surface 1 2, the produce 
1 3 may be damp and/or condensation may form on the 
produce 1 3. As a result, when air is drawn past the pro- 
duce 1 3 and into the sensor interaction chamber 1 4 : the 
air would be colder and more humid than ambient air. 
As a result, the sensitivity of the sensor array 16 would 
change and the sensor pattern would change. The sen- 
sor pattern for a cold head of lettuce may therefore be 
significantly different from a head of lettuce at ambient 
temperature. 

In the shown embodiment, the analog signals from 
the temperature sensor 50 and humidity sensor 52 are 
converted to digital signals and are read by the central 
controller 30. The central controller 30 can then modify 
the sensor pattern generated in view of temperature 
and/or humidity, prior to the sensor pattern being sub- 
jected to pattern recognition. As a result, the sensor pat- 
tern of a cold head of lettuce would bo modified by the 
central controller 30 to be generally the same as that of 
a head of lettuce at ambient temperature. Alternatively, 
the memory 44 of sensor patterns stored by the central 
controller 30 may contain a plurality of sensor patterns 
for each different type of produce, wherein several of 
the sensor patterns represent the same piece of pro- 
duce but at different temperatures and/or humidity lev- 
els. During pattern recognition, the central controller 30 
then matches the subject sensor pattern to the closest 
memory sensor pattern without having to alter the sub- 
ject sensor pattern to compensate for temperature and 
humidity changes. 

In an effort to further improve the accuracy of iden- 
tifications, the present invention olfactory system may 
be enabled to periodically establish a baseline or refer- 
ence reading for the background odours surrounding 
the scan surface when no object is being identified. 
These background odours may include, for example, 
perfume or cologne worn by a checkout person or cus- 
tomer. By establishing an initial background reference 
pattern for the scanning environment prior to making ac- 
tual identifications, the system is enabled to compen- 
sate for those odours already existing in the scan envi- 
ronment. In order to compensate for the background 
odours, the controller may then perform a subtraction of 
the background odour prior to comparison of the scan 
pattern of an object to be identified with a reference pat- 
tern. As would be understood, the background odour 
scan can be periodically adjusted, either automatically 
and/or as a manual operation in order to ensure accu- 
rate identifications of produce or other objects. 



1. An object identification device (10). characterized 
by: 

5 

a chamber (14) that is positionable proximate 
an object (13) to be identified, wherein the ob- 
ject has an aroma with a given composition; 
an array of sensors (16) disposed within said 

io chamber, wherein said array of sensors pro- 

duces a humidity dependent sensor pattern for 
the aroma exposed to said array of sensors 
within said chamber that identifies at least 
some of the given composition of the aroma; 

'5 negative pressure means (18), coupled to said 

chamber, for lowering pressure within said 
chamber and causing air to be drawn into said 
chamber past the object to be identified, where- 
in the air drawn into said chamber carries the 

20 aroma of the object to be identified and exposes 

the aroma to said array of sensors for analysis; 
a humidity sensor (52), disposed within said 
chamber, for measuring the humidity in said 
chamber while said humidity dependent sensor 

25 pattern is being produced; and 

a pattern recognition system (30), coupled to 
said humidity sensor, for identifying said humid- 
ity dependent sensor pattern produced by said 
array of sensors in said chamber at a measured 

30 humidity level, thereby accurately identifying 

the aroma. 

2. An object identification device according to claim 1 , 
characterized by a flow control valve (20), disposed 

35 between said chamber ( 1 4) and said negative pres- 
sure means (18), for selectively regulating air flow 
between said chamber and said negative pressure 
means. 

40 3. An object identification device according to claim 2, 
characterized by a controller (30) for controlling said 
flow control valve (20), wherein said controller 
opens said flow control valve for a test period, there- 
by enabling the aroma from the object (13) to be 

45 drawn into said chamber (14) and exposed to said 
array of sensors (16) for the duration of said test 
period. 

4. An object identification device according to claim 3, 
50 characterized in that said test period is between 0.5 

seconds and 5.0 seconds with the preferred dura- 
tion being between 1 second and 2 seconds. 

5. An object identification device according to any pre- 
ss ceding claim, characterized in that said sensor pat- 
tern produced by said array of sensors (16) varies 
with temperature and said device further includes a 
temperature sensor (50), disposed within said 
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chamber (14) and said pattern recognition system 
(30), for providing said pattern recognition system 
with the temperature at which said sensor pattern 
was produced. 

5 

6. An object identification device according to any pre- 
ceding claim, characterized in that said chamber 
(14) includes at least one open surface (1 2,22), ex- 
posed to the object (13) to be identified, through 
which air is drawn into said chamber. io_ 

7. An object identification device according to claim 6, 
characterized by a closure means (24) for selective- 
ly closing said at least one open surface ( 1 2, 22) and 
isolating said chamber (14), wherein said closure '5 
means retains "said at least one open surface in a 
closed condition at all times other than during said 
test period when the aroma of the object (1 3) to be 
identified is drawn into said chamber. 

20 

8. An object identification device according to any pre- 
ceding claim, characterized by an amplifying means 
(36) disposed between said sensor array (16) and 
said pattern recognition system (30), said amplify- 
ing means serving to remove the steady state rc- 25 
sponse from signals generated by said sensor ar- 
ray, and acting as a high frequency cutoff filter. 

9. A method of identifying an object (1 3) by its aroma, 
characterized by the steps of: 30 

positioning the object to be identified proximate 
a chamber (1 4) containing a sensor array (16); 
lowering air pressure within said chamber dur- 
ing a test period so that the aroma of the object 35 
to be identified is drawn into said chamber; 
producing a sensor pattern for the aroma using 
said sensor array, wherein said sensor pattern 
is humidity dependent; 

measuring humidity in said chamber during 40 
said test period; and 

matching said sensor pattern to a known sen- 
sor pattern at the measured humidity, thereby 
identifying the object. 

45 

10. A method according to claim 9, further character- 
ized by the steps of: 

periodically establishing a sensor pattern for 
background odours surrounding said chamber so 
(14) when no object is being identified; and 
subtracting said sensor pattern of said back- 
ground odours from said sensor pattern for the 
aroma of an object (1 3) prior to comparison with 
said known sensor pattern. 55 
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